Calcofluor white M2R is one of a group of compounds known as fluorescent brighteners or optical brighteners, or "whitening agents." Others include Phorwhite (Phorwite, Blankophor), Uvitex 2B, Tinopal UNPA-GX, Tinopal LPW, and Tinopal CBS-X. These compounds have extensive use in the paper, textile, and related industries as agents to whiten and to prevent "yellowing" of papers and fabrics.
parasitology for the rapid detection of microorganisms. Although other fluorescent brighteners such as Uvitex 2B, Tinopal CBS-X, and Phorwite MBBH have been reported to fluoresce more intensely than CFW, 3, 4 they are not conveniently available and have not been widely used, especially in the United States. Therefore, this review concentrates on CFW. For more complete details of the many applications of this and the related stains, the cited references and others should be consulted.
Preparing CFW
If purchased in powder form, a 1% (w/v) stock solution in deionized water can be prepared with gentle heating to help dissolve the powder. The resulting solution should be colorless. This stock solution can be diluted to 0.1% for routine use. Stability of the solutions in some instances has varied depending on the source of the powder, but typically, if stored in the dark at room temperature, solutions are stable for several years. Stability of solutions when mixed with 10% KOH also has varied, but if KOH is to be used for skin scrapings, mixing the CFW solution and the KOH solution just before use avoids this problem. Calcofluor white is stable at 121°C for 15 minutes, and therefore can be added to growth media before autoclaving if it is to be used as a vital stain.
Calcofluor white (or related brighteners) are used in non-chlorine "optical bleaches" and it has been reported that these (eg, Liquid Tide with Bleach Alternative) may be used as inexpensive alternatives to CFW solutions. 5 We have no experience with these commercial products in fluorescence microscopy, but in view of the reported variations in performance of pure preparations of CFW, we would advise users of these detergent formulations to use extensive quality control (see below regarding Pneumocystis carinii and Coccidioides immitis).
Microscopy
Absorption spectra for aqueous solutions of CFW show absorption over the range 300 to 412 nm, with an absorbance peak at 347 nm. This means that maximum excitation and fluorescence occurs with ultraviolet (UV) light. Excitation with violet or blue violet (BV) light, as with broad band filters such as BG3 and BG12 exciter filters, also give good results. It must be stressed that use of narrow bandwidth (blue light exciter filters commonly used for immunofluorescence microscopy or acridine orange or auramine O excitation -eg, an FITC exciter filter such as the KP490 interference filter) cannot be used for CFW staining because this narrow band filter prevents wavelengths below 490 nm from striking the specimen.
A 50 or 100 watt mercury vapor lamp, used in an epi-fluorescence microscope is a recommended energy source. Quartz halogen bulbs that are sometimes used for blue light fluorescence have low energy output in the range required to fluoresce CFW and should not be used. 6 The fluorescence of CFW is light of a bluish/white color; however, with the barrier filters commonly used in fluorescence microscopy of any kind (ie, 510, 520, 530), the fluorescence is seen as a bright green color. Without such barrier filters, the fluorescence is seen as bright bluish/white. The use of suitable barrier filtration to reduce the exposure of the eye to the intense blue light and to give a green image is strongly recommended. I1, I2, and I3 show the effect of different excitation wavelengths and different barrier filters on the same field of a tissue section stained with CFW.
Evans blue stain can be used as a counterstain-either after the CFW staining or incorporated in the CFW solution at a concentration of 0.01% to 0.05% (w/v). When used with BV excitation, this imparts a reddish coloration to background material, (eg, in tissue sections, imprints, or suspensions and may suppress some non-specific background fluorescence). 2, 4 Evans blue excites maximally at approximately 500 nm. With UV excitation it does not fluoresce and a reddish color is not seen.
[I4] and [I5] With "dry" specimens (hair, skin, and nail scrapings for dermatophytes), whether or not CFW is used with 10% KOH appears to be a matter of personal preference. With thin specimens, CFW solution penetration is rapid and KOH is not needed.
Non-Specific Staining of NonMicrobial Structures
Unless suppressed by Evans blue, a dull, diffuse greenish fluorescence may be seen with tissue due to non-specific binding of CFW; however, this is not bright enough to mask the typically intense fluorescence of fungal or parasitic structures, and it tends to fade or quench rapidly, unlike the polysaccharide-bound CFW. In some tissues (notably the lung, blood vessels, and skin sections), elastin and collagen also bind CFW and fluoresce brightly; however, these are readily distinguished from microorganisms by their morphology.
[I6] and [I7] Some laboratory professionals have reported problems with difficulty in interpreting CFW-stained smears of vaginal secretion specimens being examined for yeast. [7] [8] [9] This appears to be anecdotal, is not well documented in the literature, and has not been a problem in our experience.
It has been reported that Phorwhite binds with amyloid in tissue sections and fluoresces intensely with little or no fading 10 ; however, this would probably not be confused with microbial structures in many cases. It has been noted that corpora amylacea in bronchoalveolar lavage fluoresce strongly and may risk being confused with Blastomyces (Hunter J. 2001. Posting on the ASM Division C Listserve).
If CFW is used with adhesive transparent cellophane tape sampling of [I2] Same field as I1, but with 510 barrier filter in place.
[I4] Spherules of Coccidioides immitis in ground-up lung tissue; CFW + Evans blue stains. Excited with blue-violet filter; 530 barrier filter; Evans blue excites with blue light and fluoresces dull red.
[I3] Same field as I1 and I2, but illuminated with FITC exciter filter. As there is no excitation of CFW at 490 nm, the CFW-stained hyphae are not fluorescing.
[I5] Same field as I4. UV excitation -no excitation and no fluorescence of the Evans blue.
Downloaded from https://academic.oup.com/labmed/article-abstract/34/5/361/2657292 by guest on 14 January 2019 environmental surfaces, non-microbial structures such as pollen grains, cellulose-containing fibers, and plant materials may be seen fluorescing, but can be distinguished from fungal structures by size and morphology.
Staining Procedures
In many instances, especially with fungi, staining is almost instantaneous, and staining times of 1 minute or less are common. One or 2 drops of 0.1% CFW can be placed on tissue sections, airdried smears, or touch preparations on slides, and then coverslipped and examined microscopically immediately. Smears and touch preparations may be fixed with methanol prior to staining, but if the stained material is to be examined wet, this is not necessary unless the coverslip is to be removed and the smear saved. Tissue sections can be stained unfixed, eg, frozen sections or after routine histologic fixation, embedding, and deparaffinization. The CFW may be washed off and the material examined dry; however, a sample that is coverslipped wet either in the CFW solution or the rinse water gives better optical preparations. Hair, skin, or nail scrapings can be placed in a drop of CFW solution on a slide and coverslipped. Cellophane tape samples of colonies or surfaces can be placed over a drop of CFW. Standard mounting media have been used to prepare permanent slides of tissue sections or smears. 11, 12 Stained smears or sections may also be saved dry by removing the coverslip, rinsing briefly with deionized water, and then air dried. For future reexamination, the specimen is simply mounted in 0.1% CFW and coverslipped.
After the CFW stain, sections or smears can be stained with other stains (eg, Gomori Methenamine Silver (GMS), Periodic Acid Schiff (PAS), or Gram stain). The CFW fluorescence is then no longer seen. I8 through I11 show sections stained with CFW and then with GMS or PAS.
Calcofluor white has been incorporated in the Papanicolaou stain procedure to enhance the recognition of yeasts in genital tract smears. 12 Staining with CFW after Geimsa staining (directly, no decolorization) and after Gram staining (decolorized with acid alcohol) has been reported with ocular specimens for fungi. 13 However, CFW staining of Acanthamoeba cysts in corneal tissue sections after hematoxylin-eosin staining did not work unless the initial staining was decolorized with 70% acid alcohol. 14 
Examples of CFW Staining
Calcofluor white staining of the spores of Microsporidia [I12] has been reported to be slower than with fungi, and staining times of up to 30 minutes have been recommended, 15 although some have recommended stains as short as 2 minutes. 11 Users of CFW with fecal specimens for microspordial spores should be aware that cysts of Entamoeba species contain chitin and fluoresce with CFW while the trophozoites do not. 16 The cyst wall of Giardia lamblia is made up largely of chitin, 17 and both cysts and trophozoites fluoresce with CFW. Ova of Ascaris lumbricoides in feces could be expected to fluoresce with CFW as they have been shown to fluoresce with Tinopal CBS-X. 18 [I6] Tissue section, CFW, and Evans blue. Blue-violet excitation. Elastic fiber fluorescence.
[I7] Tissue section, elastic fibers; CFW and Evans blue, BV excitation.
[I8] Candida albicans in section of kidney, CFW, UV excitation.
[I9] Same field of tissue section as in I8. Overstained with GMS, illuminated with white light.
[I10] Candida albicans in section of kidney, UV excitation.
[I11] Same field in tissue section as I10. Overstained with PAS, white light illumination. 
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Cysts of free-living amebae in ocular specimens fluoresce strongly with CFW. 19 Cysts in culture also fluoresce strongly with CFW. I13 shows cysts from a culture of free-living amebae isolated from a laboratory eye-wash station.
It has been reported that spherules of Coccidioides immitis did not fluoresce with CFW, 24 but we, and others, have had no problems with this fungus. 2, 20, 21 I4 and I5 show intact spherules in a ground tissue suspension and I14 shows a spherule and endospores in a section of lung tissue. Histoplasma capsulatum 21, 22 and Cryptococcus neoformans 22 have also been reported as problem organisms, but again our laboratory and other laboratories have had no problems with these. 3, 20, 23, 24 [I15] and [I16] One report found that CFW staining of cysts of Pneumocystis carinii in lung biopsies required staining at 65°C for 5 minutes after staining at room temperature for 5 minutes for optimal fluorescence, but this is the only time that the need for such a staining procedure has been reported. 25 It is also the only report of which we are aware that demonstrates actual sections from fixed, paraffin-embedded tissues were stained with CFW for P. carinii cysts; whether this is significant is not known.
Calcofluor white staining of cysts of Pneumocystis carinii has been reported as problematic in that the staining results appear to have been dependent on the source (manufacturer/supplier) of the CFW. Baselski and colleagues reported that Fungi-Fluor solution (Polysciences) was the only preparation that stained the cysts. Calcofluor white from Difco, Remel, and Sigma did not stain the cysts. 23, 26 Similar findings have been reported, with the notation that Fungi-Fluor stains Histoplasma poorly. 21 Our laboratory's experience with these has been that all stains can be used for these and many other organisms. The reason(s) for the reported differences is not known, but it has been noted that the pH of the CFW solution may be a factor in CFW staining of P. carinii cysts. Fluorescence occurred only when the CFW was mixed with KOH. 27 There is a report that an alkaline pH reduced the fluorescence intensity of CFW and Blankophor with a wide range of fungi and algae. 22 While that study noted that Uvitex 2B at pH 7.3 did not stain P. carinii, no reference was made to alkaline CFW or Blankophor with this organism. No measurable difference in the staining and fluorescence of Candida albicans and Blastomyces dermatitidis in tissue sections were found between alkaline (0.1N KOH) solutions of CFW and Uvitex 2B and solutions in phosphate buffered saline. 4 There are many reports of successfully using CFW with 10% KOH, not just with skin, hair, and nails, but with a wide variety of other specimens. 15, 21, 24 The conflicting findings do serve to emphasize the need for each laboratory to perform quality control checks of the stain solution and other reagent(s) used [I12] . Microsporidia in feces, CFW, UV excitation.
[I13] Cysts in culture of a free-living ameba, CFW, UV excitation.
[I14] Section of lung tissue. Spherule and endospores of Coccidioides immitis. CFW, UV excitation.
[I15] Section of lung tissue. Histoplasma capsulatum. CFW, UV excitation.
[I16] Smear of bone marrow. Cryptococcus neoformans. CFW, UV excitation. The dark (unstained) halo around the yeast cells is the polysaccharide capsule, which does not fluoresce with CFW.
[I17] Smear of BAL. Pneumocystis carinii cysts. CFW, UV excitation. The "double parenthesis" bodies are clearly seen in most of the cysts; note that the positions vary depending on the orientation of the cyst in the specimen smear.
with the fixation procedures and with the organisms that they expect to detect with them. Baselski and colleagues reported that all the CFW samples tried in their studies fluoresced well with their Candida control slides. 23 It is not unusual to find that cysts of P. carinii fluoresce weakly except for the thickened wall areas. The 2 bean-shaped areas or "double-parenthesis" or "doublecomma" bodies (seen as darker areas with GMS or toluidine blue stains) typically fluoresce intensely regardless of how the remainder of the cyst wall fluoresces.
[I17] The presence of the "doubleparenthesis" bodies makes it easy to differentiate the cysts from cells of yeastlike organisms.
Calcofluor white fluorescence of darkly pigmented fungi is variable, depending on the degree of pigmentation present. Although not commonly used or needed for cellophane tape samples of fungal growth on building materials or other environmental surfaces, CFW may show only weak or no fluorescence with fungi (eg, Stachybotrys chartarum, Alternaria species, Chaetomium species, Cladosporium species, and Epicoccum species). (Harrington and Hageage, unpublished observations). Fluorescence is usually restricted to the younger and less pigmented structures (unpublished observations).
One report, using Tinopal CBS-X, showed that Trichuris trichura, Enterobius vermicularis, and Strongyloides stercoralis in human tissues fluoresced. 18 Another report, using CFW and Tinopal CBS-X, found enhanced detection in sections of human lung tissue of the larvae of the dog heartworm Dirofilaria immitis when compared to PAS, GMS, and acid-fast staining. 28 Using experimentally infected mice, in vivo staining of a variety of mycelial, dimorphic, and yeast-like fungi has been shown in several organs by fluorescence microscopy after injecting the animals intravenously with a solution of Blankophor 1 hour before sacrificing them. 29 Because of its heat stability, CFW can be incorporated into growth media before autoclaving. Very low concentrations, typically 0.001% to 0.0025% (w/v), will serve as a vital stain for fungi and parasites grown on or in the medium. This might be useful for slide cultures because growth may be examined in situ without disturbing the fungus by removing the coverslip. One obvious application of vital staining would be to incorporate CFW in the medium, corn meal, or rice extract agars for chlamydospore production by C. albicans. However, experiments (Harrington, unpublished observations) have shown that the addition of Tween 80 to the medium interferes with either the uptake of CFW and/or the subsequent fluorescence. Calcofluor white can be incorporated into ascospore-inducing media (eg, for Saccharomyces sp) where it clearly differentiates vegetative cells which stain with CFW from ascospores which do not. [I18] I19, I20, and I21 show CFW staining in a lung biopsy, lung tissue, and ear discharge, respectively. I22 through I25 show the difference in illumination between white light and BV excitation in 2 different samples.
Calcofluor white at 0.0025% has been used in 1% (w/v) peptone + 0.1% (w/v) glucose medium used for germ tube production by C. albicans in an attempt to enhance the differentiation of germ tubes versus budding outgrowths.
[I26] A finding in that study was that some yeast-like fungi [Torulopsis (Candida) glabrata and C. krusei] had typical appearances when stained with 0.0025% CFW, notably fluorescence was restricted to the ends of the cells and could reliably be presumptively identified rapidly after being suspended in the medium. 30 A solution of 0.0025% CFW in deionized water was found to be unstable after a few days, whereas the solution in the peptone glucose medium was stable for up to 1 year. I26 criteria so that fluorescence intensities can be compared.
In view of the reported variability of results with different sources (and possibly different lots from the same source), the need for verifying the stain's performance with organisms that it will be used to detect cannot be over-emphasized. As has been reported, 23 demonstrating fluorescence with one type of fungus does not guarantee that all organisms that might be expected to stain and fluoresce will in fact do so. [I23] Same skin fragment as in I22. Now illuminated with BV excitation. Extensive fungal hyphae are now clearly visible.
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[I25] Same field as I24. Now illuminated with BV excitation. Extensive fungal hyphae are now visible.
[I26] Candida albicans in peptone/glucose + 0.0025% CFW. UV excitation. Photographed after 2 hours at 35°C. Germ tube production and pseudohyphae.
[I24] Hair mounted in CFW. Illuminated with transmitted white light.
[I27] C. tropicalis in peptone/glucose + 0.0025% CFW. UV excitation. 
